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Abstract

This paper investigates performance of a Modelregfee adaptive system (MRAS) based cost-effective g/stem of
an induction motor (IM) for low-cost applicationis. this paper, the MRAS is used as a speed estiraatbthe motor is fed from
a four-switch three-phase (FSTP) inverter instea@ @bnventional six-switch three-phase (SSTP) isvetthis configuration
reduces the cost of the inverter, the switchingdssand the complexity of the control algorithmbe Tobustness of the
proposed MRAS-based FSTP inverter fed IM driveeisfied by Experimental results at different opérgt conditions. A
comparison of the proposed FSTP inverter fed IMealmwith a conventional SSTP inverter system is miade in terms of the
performance analysis. The proposed FSTP invertrif& drive is found quite acceptable considering performance, cost
reduction and other advantages.
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1. Introduction

Over the years induction motor has been utilized amrkhorse in the industry due to its easy buiigh
robustness, and generally satisfactory efficieN@ith the invent of high speed power semiconductricks three-
phase inverters play the key role for variable dp&€ motor drives [1]. Induction motor drives habeen
thoroughly studied in the past few decades and maaotor control strategies have been proposedjmgrigom low
cost to high performance applications. Traditionafl-switch, 3-phase (SSTP) inverters hive beerelyiditilized
for variable speed IM drives. This involves thesles of the six switches as well as the complexitthe control
algorithms and interface circuits to generate 8\Plogic signals [2].

In the past, researchers mainly concentrated oddkelopment of the efficient control algorithms Fagh
performance variable speed IM drives However, dbst, simplicity and flexibility of the overall d¢ system
which become some of the most important factorsnditiget that much attention to the researcherat’§ lwhy,
despite tremendous research in this area mosealekieloped control system failed to attract tligtry. Most of
the reported works on 4-switch, 3-phase (FSTP)rtevdor machine drives did not consider the clokex vector
control scheme, which is essential for high perfamge drives.

Usually, high performance motor drives used in taso rolling mills, machine tools, etc. requirestfand
accurate response, quick recovery of speed fromdistyrbances and insensitivity to parameter arat The
dynamic behavior of an AC motor can be significamthproved using vector control theory where motariables
are transformed into an orthogonal set of d-q aweh that speed and torque can be controlled gepardhis
gives the IM machine the highly desirable dynamecfgrmance capabilities of a separately excited riéthine,
while retaining the general advantages of the & B\C motors [3].

In this paper, a cost effective FSTP inverter fexdssrless IM drive is developed. The four switcmekes
the inverter less cost, less switching losses, daasices of destroying the switches due to lesseraiction among
switches, less complexity of control algorithms anterface circuits as compared to the conventid®&lP
inverter, the proposed control approach reducesdh®utation for real time implementations. Furthere, the use
of speed sensorless for induction motor drivesdessbeing reduce bulky and increase the robustrieseduce
additional electronics, extra wiring, extra spactnd reduce extra cost to the drive system, Speedas, also,
implies and careful mounting which detracts from ittherent robustness of the drive.

The proposed sensorless control method verifiesvilieity of an MRAS-based FSTP inverter fed IM
drive system for cost reduction and other advarstageh as reduced switching losses, reduced nuohlieterface
circuits to supply logic signals for the switcheasier control algorithms to generate logic signdibus, the main
issue of this paper is to develop a cost effectimaple and efficient high performance IM drive.

A closed-loop vector control scheme of the propds8dP inverter fed IM drive incorporating the MRAS
is implemented using digital signal processing DEPiinterfaced with the MATLAB/SIMULINK soft wareA
comparison of the proposed FSTP inverter fed IMealivith a conventional SSTP inverter system is afsale in
terms of performance analysis.
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2.  TheProposed Inverter
The proposed FSTP inverter is conFig.d as showhign 1. The inverter converts the DC-voltage to a
balanced three-phase output with adjustable volagefrequency.
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Fig.1 Four switch three- phase inverter with IM

This inverter is conFig.d with four switches @2, Q3 and Q4, respectively. Two output phasesaken from the
inverter legs directly where the third output ikea from the midpoint of the two capacitors. A dethcomparison
of the four-switch inverter with the convention&l-switch inverter configuration is given in [5B].

Two control possibilities exist to control the feswitch bridge inverter, i.e., two- level curremntrol to
force the two controlled phases currents to simapor using PWM to control the voltages appliedhe three-
phase quasi- sinusoidally. The two- level currenmitml of the four-switch bridge inverter used tintrol the load
current by forcing it to follow a reference one.igts achieved by the switching action of the ingeto keep the
current within the hysteresis band. The load cusr@re sensed and compared with respective commanehts
using two independent hysteresis comparators. Tpub signals of the comparators are used to detitlze
inverter power switches.This controller is simpledaprovides excellent dynamic performance. The raidd
phases voltages of four switch inverter are intoedlias a function of switching logic NA, NA1, NBdNhB1 of
power switches by the following relations [7].

E
va:.%C (4NA+2.NB-1). 1)
B
V, = —2C (-2NA+4.NB-1). (2)
3
B
Ve = ?C (-2NA-2.NB+2). (3)

where, NA1 and NB1 are complementary of NA and NB,

3. MRASModel for Sensorless Control of IM

Model Reference Adaptive Systems (MRAS) technigapglied in order to estimate rotor speed. This
technique is based on the comparison between tipaitsuof two estimators. The outputs of two estoraimay be
(the rotor flux, back emf, or motor reactive powdérhe estimator that does not involve the quantitipe estimated
(The rotor speedy) is considered as the induction motor voltage rhobleis model considered to be the reference
model (RM). The other model is the current modefjivd from the rotor equation, this model consideto be the
adjustable model (AM). The error between the edechajuantities by the two models is used to drivauigable
adaptation mechanism which generates the estimatedspeed [4].

In this paper, the observer depends on the MRARBNique. The speed observer is based on statomturre
and rotor flux as state variables. The speed estigyprocedures from the stator current error arfobows:
First, the rotor flux is expressed as in Egs. (@) #3) from the induction motor equation the statarrent is
represented as:
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ids :L_]r-n[/]dr twT /] +Tr p/]dr:|

rrgr
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Using Equation (4), and estimated instead of measspeed, the stator current is estimated as
Ids - |:/] dr + err/]qr +Tr p/]dr:|
()

: 1
i =m[/1qr—er, o T PA, ]

gs

Form the relationship between the real stator ctraed the estimated stator current, the differendbe
stator current is obtained as

ids _rds ZL/] qr[wr_&)r]
R (6)
Iqs =i qs _m/l dr[a)r_&)r]

In Equation (6), the difference of stator curremtsinusoidal value because it is the function abrdlux.
Multipling by the rotor flux and adding them togeth

. - 2 —~
(Ids_lds)/]qr: L;n/]qr [wr_wr]

- T (7)
(iqs - I qs)A dr = -

By summing the above two equations.
~ . T =2 2 _
(igs =T A gt (g A d,:m(/lqrmdr)[wr—wl (8)

Hence, the error of the rotor speed is obtaingdlbsvs:

wr _@r :[(ids _iAds)/1 q9/1 d]/K

qr as

2 9)
Where K=T—r (Aqr+/1dr)
Lm

The right hand term seems as the term of speedlatfin from adaptive observer, so the speed carahlilated
from the following equation [8]:

1
—I(K A A
@ = (K (i =T A= o QA 9+ (10)

K | cs—i;an, (e g or)]

Fig. 2 shows The MRAS system.

4. Drive System

The control scheme of low cost induction motor drie shown in Fig. 3. It incorporates the speed
controller which receives the error signal betwdenpreset speed and the actual observed spekd ofdtor shaft
and then generates the torque command )(through a proportional integral (PI) speed colféro This torque

command produces the quadrature current comrmagdin the synchronous reference frame (SYRF). Thectlire
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current | aes is sets by the rotor flux Ieve{;(re. This flux level is calculated according to thethwal described in

[6]. The two current commands are then transformoethe stationary reference frame (STRF) with tiiedithe
calculated command angl@e*(). This command angle is calculated in such awayaligns the direct-axis of SYRF
with the rotor flux axis. The two stator currennomands, | g5 and | 5 in the SYRF are then transformed to STRF

and then transformed to three phase referenceerturg,ip,, andic. Only, two currents referenciadr and ibr

required for the hystersis current controller thaherates the switching function for the pulse widtodulated
voltage source inverter.
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Fig. 2 MRAS speed estimation
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Fig 3. Block diagram for a vector-controlled indact motor based on speed estimation
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Fig 4 Experimente se-up for DSFk-based control of induction mo

5. Expermental Results

To verify the validity of the proposed system, adiction motor vector control system was constdicte
Fig. 4 shows a block diagram of the experimentateay, which was composed of a DSP board DSP 11@zhvish
based on 32-bit floating point DSP TI TMS320C3I. Theard is also equipped with a fixed point 16 bit
TMS320P14 DSP which is used as a slave proces§of\@® phases currents and voltages I, and \,V, are
sensed by Hall-effect current and voltage sensors.
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These signals are fed to the DSP through the sigmadiitioning circuit. Also the speed of the roter
sensed by 2048 PPR incremental encoder for detetttinmotor speed and fed to the encoder interfadhe DSP
board. The control algorithm is executed by ‘similiand downloaded to the board through host coemputhe
outputs of the board are four logic signals, whach fed to the proposed 4-swicth, 3-phase invénteugh driver
isolation circuits. The sampling time for experirt@nmplementation is chosen as 100 psec. The pedioce of
the conventional six switch inverter based senserld drive system and proposed system is compatrddferent
operating conditions.

The performances of the proposed MRAS-based FSTRrtarv fed IM have been investigated
experimentally. The response due to a step changjee speed command is used to evaluate the peafure in
terms of steady state errors and stability. Theomistsubjected to step increase in the referepeedsat no load to
evaluate the performance.

Fig. 5.a shows the estimate and measured speeshseswith a command speed of 90 rad/sec at nodbad
t=0.9 second, the speed reference has been chemd@d rad/sec. It can be seen that the rotor sizegctelerated
smoothly to follow its reference value with neazbro steady state error. Fig. 5.b shows the mdtasg current and
its reference. The motor current increases witheasing speed and return back to its normal valbese results
show a good correlation between the estimated spigg@l and its corresponding measured as welefsance
speed signals.
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Fig. 5 Experimental results of FSTP Drive at nadlo@) Speed; (b) Phase current and its reference

In order to provide a fair comparison, the speegpoases of the conventional SSTP inverter fed IMedr
at identical conditions are shown in Fig.6. It &8s in Figs 6.a that the estimated and measurezt Spdows the
reference speed. Fig. 6.b shows the motor phasertwand its reference for the step change in speeunand.
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Fig. 6 Experimental results of SSTP Drive at nadlg@a) Motor Speed; (b) Phase current and itseafse

Fig. 7 shows the drive response when motor fed fE@MP inverter. The drive is subjected to step ghan
in the speed reference at full load. The motoumimg at 90 rad/sec, At t=0.9 second, the spefedergce has been
changed to 120 rad/sec. it shows that perfectdspraeking with zero steady state error. The respondicates how
well the controller succeeds in forcing the achaabr speed to follow the desired reference trajgctWith nearly
zero steady-state error. Fig. 7.b shows motor pleasent with its reference, it increases with stgpof speed
reference and back to its normal value.

Also, Fig. 8.shows the drive response when the mistéed from SSTP conventional inverter at ideatic
conditions. Fig. 8a shows that the estimated anasored speed follows the reference speed withynearb steady
state error. Fig. 6.b shows the motor phase cuemeaiits reference for the step change in speedneom.
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Fig. 7 Experimental results of FSTP Drive at folhdl, () Speed; (b) Phase current and its reference
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Fig. 8 Experimental results of SSTP Drive at faldl (a) Speed; (b) Phase current and its reference
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Fig. (12) Estimate, measured and reference motedpt no load

Fig. 9 shows the steady-state three phase motogrgarof FSTP Drive at no load with a command speed
of 90 rad/sec. the steady-state three phase matoents indicates almost balanced operation ofdtisavitch, 3-
phase inverter, which is also verified by convemios-swicth, 3-phase inverter response showndnH. Fig.s 11,
12 show the estimate and measured speed respormrse mdtor fed from FSTP and SSIP inverter at lowedpe
respectively, with a step change in command spexd 20 to 40 rad/sec at load. It is observed thatactual speed
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of the proposed drive is following the command sbe@hout steady-state error. However, after comsiay all the
results, the proposed system can successfully ppeigensorless control.

6. Conclusion

A cost-effective FSTP inverter fed IM drive using BIRAS has been implemented. The proposed MRAS-
based FSTP inverter fed IM drive system reducesdtise of the inverter, the switching losses andcthraplexity of
the control algorithms as compared with the coneaal SSTP inverter based drive. The vector corstcheme has
been incorporated in the integrated drive systeraditieve high performance. The MRAS as a speethafstr
verified the robustness of the proposed approaké.performances of the proposed MRAS-based FSTPtémfed
IM drive has been investigated. A comparison ofqremances for the proposed FSTP inverter fed IMNelkiith a
conventional SSTP inverter fed IM drive has als@rbenade in terms of the speed under identical tipgra
conditions. The proposed FSTP inverter fed IM ditias been found robust and acceptable for lowagmstications
such as automotive and home appliance.
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Appendix
Machine parameters of the applied induction machine
Rated power vl
Rated load torque 7.5N
No. of poles 4
Stator resistance 4826 ohm
Rotor resistance 83®Bohm
Rotor leakage inductance 0.0221 H
Stator leakage inductance 0.0221 H
Mutual inductance 041
Supply frequency 50 H
Motor speed 0Q5.p.m.
Supply voltage 03dlts
Inertia 0.02 kg.rh
List of Symbols;
2 2
Lo:Ls‘Lm ’Tr:i ’0:1'Lm
L r Rr Ler
Vgse Vdse ge-de —axis stator voltage
lgse lase ge-de —axis stator current
Agser Adse ge-de —axis stator flux linkage
Rs, R stator and rotor resistances
J, B moment of inertia and viscous friction coeéfits

Ls Lpy L stator, rotor and mutual inductances
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